A fertile mutant (fer) isolated from Salmonella typhimurium LT-7 mut with a mutator gene mut was found to have a high recipient ability when used as a recipient of the Escherichia coli chromosome and F' and R factors, whereas LT-7mUt+ and S. typhimurium LT-2mUt+, both of which lack the mul gene, were poor recipients of these foreign deoxyribonucleic acids. LT-7 mut exhibited an intermediate recipient ability. These episomal elements, however, were transferred from LT-7mUt and LT-7mUt+ to the mut, mut+ send fer substrains at frequencies comparable to an E. coli recipient. In contrast, the frequencies of transfer of these episomes from LT-7fer to the other substratins of S. typhimurium were considerably lower than those to LT-7 fer. The efficiencies of plating (e.0.p.) of phage P-22 grown on LT-7 fer were likewise lower on L~q r n u t , LT-7mUtf and L T -~v z U~+ than on LT-7fer. The e.0.p. of phage P-22 on LT-7 mut, LT-7 mut+ and LT-7 mut+ were increased to the value c m LT-7fer by its growth on LT-7mUtf or LT-2mUtf. The frequencies of transduction of an R factor to these substrains of S. typhimurium with phage 1'-22 grown on various substrains were parallel with the e.0.p. of this phage on these strains. It was further shown that the deoxyribonucleic acid of phage P-22, which had previously been propagated on L T -~~Y , injected into LT-7 mu t+ and LT-2 mut+ is rapidly degraded, whereas appreciable breakdown did not occur in LT-7feU. These results with P-22 indicate that LT-7fer is a mutant which is impaired in its capacity of restriction and modification of this phage. The growth of P-22 on LT-7mUt resulted in partial increase of its e.0.p. on LT-7mUtt and LT-2mut+, indicating that the restriction and modification capacities of LT-7 mut are partially affected. The above results, that LT-7fer acts as a good recipient in the conjugal transfer of E. coli chi:omosome and non-viral episomes and that the frequencies of transfer of the non-viral episomes among the substrains of S. typhimurium are comparable to those to LT-7fer and E. coli, are interpreted as due to the restriction-a:nd modification-less nature of LT-7 fer.
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with salmonellas was the low recipient ability of the Salmonella strains. succeeded by chance in isolating a good genetic recipient in a salmonella, which is capable of producing recombinants at a much higher frequency than the original strain. They were led by this finding to propose that the low frequency of recombination initially observed represented the selection of rare, high-frequency recipients from an otherwise sterile culture . Miyake (1962) reported that in the crosses of E. coli Hfr strains with Salmonella typhimurium ~~-7 m u t , which carries a mutator gene mut (Miyake, 1959; Miyake, 1960) ~ recombinants for a range of donor markers can be produced but only at very low frequencies. Fertile recipients with a high recipient ability (LT-7fer) were isolated from LT-7 mut by indirect selection, without previous participation in recombination. Thus populations of LT-7mUt were considered heterogeneous with respect to the ability to mate with E. coli Hfr donors (Miyake, 1962) . Strains of S. typhimurium are usually poor recipients for the transfer of R factors (see Watanabe, 1963) and the sex factor F from E. coli (Watanabe, 1962) . We have found that the frequencies of transfer of an R factor and an F' factor (Jacob & Adelberg, 1959; Hirota & Sneath, 1961 ) from E. coli K-12 to LT-7jkr are considerably higher than those to ~~-7 m u t and LT-7rnut+, which does not carry the mutator gene mut, and to S. typhimurium  that is regarded as mut+ (Miyake, 1962) . We have also found that the conjugal transfer of these episomal elements from ~~-7 m u t , LT-7mUt+ and LT-2mUt+ to these strains occurs at frequencies almost equal to those to E. coli K-12 and LT-7fer. These results will be reported in the present paper and the nature of fertility of the Salmonella recipients will be discussed.
M E T H O D S
Bacterial strains. L!almonella typhimurium LT-7 rnut carrying the mutator gene mut and a stable mutant derived therefrom, LT-7 mut+ without the rnut gene, were employed. S. typhimurium LT-2 (originally colicin I-resistant) and its cysteine-requiring mutant cysD-36 were also used. Strain cysD-36 was supplied by H. Ozeki. Cysteine-requiring mutants isolated in our laboratory from LT-7 rnut, LT-7 mut+ and LT-irfer, respectively, were used as well. An Hfr strain of E. coZi K -I 2 used was w2252/col I (methionine requiring and colicin I-resistant, it injects its chromosome from lactose genes in a counter-clockwise direction). csa-z/col I (methionine-requiring and colicin I-resistant carrying an F'-lac+ (F13 of Hirota & Sneath, 1961) , w677/PTS (requiring threonine, leucine, proline, thiamine ; not fermenting mannitol, xylose, maltose, galactose, lactose; resistant to phage T 6 and high concentrations of streptomycin, F-), and w3102/col I (non-fermenting galactose and resistant to colicin I, F-), all of which are substrains of E. coli K-12, were also used.
Phage strains. Phage P-22 (identical to PLT-22) wild type and its clear plaque mutant were employed.
Culture media and conditions of cultivation. Liquid cultures were prepared in Penassay broth (Difco) with gentle shaking. Plating media were nutrient agar (Difco), a minimal medium agar described by Davis & Mingioli (1950) Method for proving the presence of the mut gene. Whether or not the bacterial strains carry the mutator gene mut was studied by the procedure described by Treffers, Spinelli & Belser (1954) and Miyake (1960) ; each colony was suspended in a small amount of saline and streaked on nutrient agar containing Sm Ioopglml. After overnight incubation of the plates, the streaks of the mut clones gave rise to numerous Sm-resistant colonies, whereas those of the mut+ strains produced very few or no such colonies.
Procedure for isolating fer mutants of Salmonella typhimurium LT-7. Fertile mutants fer of S. typhimurium LT-7 were isolated by Miyake's printing method (1962) ; approximately I 00 bacteria of LT-7 mut per plate were plated on nutrient agar. After overnight incubation the developed colonies were replica-plated on minimal lactose agar medium which had previously been inoculated with 0.1 ml. of an overnight broth culture of w2252/coE I. After incubation of the replica plates for 48 hr some of the replicaplated colonies gave heavy growth due to the lactose-fermenting (lac+) recombinants produced. Corresponding colonies on master plates were picked and retested for their high recipient ability by using the standard procedure for conjugation, described below.
Method.for transduction of an R factor. The method for transduction of an R factor 222 with phage P-22 in Salmonella typhimurium was the same as that described by
Procedure for conjugation. Escherichia coli K-1 2 strain w 22521~01 I was used as a donor for sexual recombination. The donor and recipient strains were separately grown in Penassay broth to about 3 x IO* bacterialml. A I ml. portion of the donor culture was mixed with 9 ml. of a recipient culture in a 200 ml. Erlenmeyer flask and the flask incubated in a water bath for 2 hr without agitation. Dilutions in physiological saline of this mixed culture were plated on properly enriched minimal medium to select for the recombinants. When the recipients were the substrains of Salmonella typhimurium, the donor and recipient strains were mixed in a I : I or I : 9 ratio, and 0-1 ml. of the dilutions of the mixture was immediately plated on the selective medium (Zinder, 1960) . In parallel with this procedure, the filter membrane method devised by Sanderson & Demerec (1965) was used in some experiments. The mixture of about 3 x 108 donor bacteria and about 3 x 109 recipient bacteria was placed on a Millipore filter (45 mm. diameter; HA type) by filtering the mixture of the Penassay broth cultures through the filter, and the filter with the bacteria on it was placed on the surface of a semisolid nutrient agar plate, which was then incubated for 5 min. to permit the formation of effective cell contacts. The Millipore filter was then transferred to 10 ml. Penassay broth in a 200 ml. Erlenmeyer flask and the bacteria were gently resuspended in the broth, and the mating was allowed to proceed for 90 min; Varying dilutions in physiological saline of this mixed culture were plated on minimal lactose agar medium. The resultant lac+ recombinants were scored after incubation for 48 hr. 
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a donor for the transfer of the F'-lac+. The recipients were prototrophs of Salmonella typhimurium. The donor and recipient strains were separately grown in Penassay broth to about 3 x 108 bacteria/ml. A 5 ml. portion of the donor culture was mixed with 5 ml. of recipient culture in a 200 ml. Erlenmeyer flask, and the flask was incubated in a water bath without aeration for 16 hr (R) or 3 hr (F'-lac+). Varying dilutions in physiological saline of the mixed culture with the Rf donor were plated on minimal agar containing Cm 25yg.ld. In the case of the transfer of the F-Zacf, varying dilutions in physiological saline of the mixed culture were plated on minimal lactose agar. After incubation for 48 hr the colonies of the clones which received the R factor or F'-lac+ were scored.
Method for detection of spontaneous segregants of an R factor. Spontaneous segregation of an R factor 222 and its drug resistance determinants in various substrains of Salmonella typhimurium was studied by the method described by Watanabe & Lyang (1962) ; a Penassay broth culture of each substrain of S. typhimurium carrying 222 was diluted and plated on nutrient agars containing Sm, Cm, Tc 25 pg./ml. + Su 500 ,ug.fml. Two of the well-isolated colonies of each strain, which had thus been confirmed resistant to the four drugs, were used as starting materials. Five ml. of Penassay broth in a test-tube was inoculated with each colony and incubated for 24hr without aeration. Each culture was then diluted with fresh Penassay broth by a factor of 106 and 0.1 ml. of this dilution transferred to 5 ml. fresh Penassay broth; subcultures were daily prepared thereafter in a similar fashion. After I o subcultures, the cultures were diluted to I O -~ and I O -~, and 0.1 m1. each of these dilutions was plated on drug-free nutrient agar. The patterns of drug resistance of the developed colonies were studied with a replica plating technique (Lederberg & Lederberg, 1952) .
Method for detection of colicin I production. The production of colicin I by various substrains of Salmonella tyhphimurium was studied with the method described by Fredericq (1957) .
Genera2 phage techniques. The general phage techniques followed were those described by Adams (I 950).
Method for study of the breakdown of the injected phage nucleic acid. 32P-labelled phage P-22 was prepared and purified by the procedure described by Watanabe et al. (1966) . The method used to study the breakdown of the injected phage nucleic acid was also similar to that described by Watanabe et al. (1966) .
R E S U L T S Production of colicin I by various substrains of Salmonella typhimurium
Wild-type strain of LT-7 is known to produce colicin I (Ozeki, Stocker & Smith,
1962). We have shown that LT-7mUtf, ~~-7 m u t
and LT-7fer all produce the same colicin. This was shown by the finding that Escherichia coli CSH-2 but not CSH-2lcol I is killed by the colicin produced by these strains. ~~-2 m u t f did not produce any detectable colicin. The production of colicin I by LT-7 necessitated the use of colicin I-resistant mutants of E. coli K -I 2 as recipients in the crosses with LT-7 substrains.
Sexual recombination between an Hfr strain W2252/col I of
Escherichia coli and substrains of Salmonella typhirnurium As shown in Table I , the frequencies of recombinants were highest in an Escherichia S. typhimuriurn : foreign DNA reception 245 coli recipient and second highest in LT-TfeU. No recombinants were found with LT-7 mut' and LT-2 mut+ as recipients. LT-7 mut gave intermediate frequencies of recombinants. w2252/col I injects its chromosome with the lactose genes as the leading region, and the proline genes are so closely linked to the lactose genes that they are transferred to w 6 7 7 /~~s at almost equal frequencies. Transfer of an R factor 222 to substrains of Salmonella typhimurium The mixtures of the donor and recipient cultures in Penassay broth were incubated overnight without aeration. The frequencies of transfer of an R factor 222 from csa-z/colI (222) to LT-7mut, LT-7TT2Ut+ and LT-2mutf were very low even with overnight incubation and much lower than those to Escherichia coli ~3102/col I and LT-7fer (Table 2 ). The filter membrane method (Sanderson & Dernerec, 1965) did not improve the frequencies of R transfer. The frequencies of R transfer between the substrains of Salmonella typhimurium were rather high except with LT-7 fer (222) as a donor and almost comparable to those between the substrains of E. coli K-12. Thus, the poor recipient ability of these strains was specific for the transfer of the R factor from E. coli K-12. transferred its R factor at a high frequency to E. coli K -1 2 , at a lower frequency to T -7 f~ and LT-2mUt+ and at even lower frequencies to ~~-7 m u t and LT-7mUt+. When LT-7 fer was a recipient, the frequencies of transfer of the R factor were always high regardless of whether the donor was a substrain of E. coli K -I 2 or a substrain of S. typhimurium. Similarly, when w3102/c0l I was a recipient, the frequencies of transfer of the R factor were always high regardless of whether the donor was a substrain of K-12 or a substrain of S. typhimurium. The frequencies of R transfer from ~~-2 m u t f (222) to LT-7mUt and LT-7mut" were slightly lower than those between the other strains of S. typhimurium. The frequencies shown in Table 2 cannot be taken to reflect the frequencies of transfer very accurately, because the frequencies varied to some extent from experiment to experiment.
Spontaneous segregation of an R factor in various substrains of Salmonella typhimurium
The Su, Sm, and Cm resistance markers of the R factor 222 segregated at high frequencies in all of the substrains of Salmonella typhimurium. In contrast, the 246
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segregation of the TC resistance marker occurred at much lower frequencies in all of these strains. These results are analogous to those reported previously by Watanabe & Lyang (1962) with S. typhimurium LT-2 and there seems to be no specificity in the frequencies and patterns of segregation of the drug resistance markers of the R factor 222 in these substrains of S. typhimurium. K-12 and Salmonella typhimurium
The procedure for the transfer of the R factor is described in the text. The duration of mixed cultivation was 16 hr. The values in this table represent the frequencies of R transfer in I ml. of the mixed cultures. * R factor 222 carries the markers of resistance to sulphonamides, streptomycin, chloramphenicol t csa-z/col I is an F-, methionine-requiring, colicin I-resistant substrain of E. coli K-12.
$ cys-stands for cysteine-requirement. LT-2 cys-rnut+ is identical to cysD-36.
w31oz/coZ I is an F-, galactose-non-fermenting, colicin I-resistant substrain of E. coZi K-12.
and tetracycline. Table 3 
. Frequencies of transduction of an R factor 222* to various substrains of Salmonella typhimurium with phage P-22
The procedure for transduction of the R factor is the same as that described 
2-5 x IO-?
* R factor 222 carries the markers of resistance to sulphonamides, streptomycin, chloramphenicol and tetracycline.
Transduction with phage P-22 of an R factor 222 in various substrains
of Salmonella t yphimur ium The frequencies of transduction of an R factor 222 with phage P-22 grown on L T -~~z u~+ or LT-2fnUi'+ carrying the R factor 222 to various substrains of Salmonella typhimurium were about equal as seen in Table 3 . In contrast, the frequencies of transduction of the K factor 222 with P-22 grown on LT-7fer (222) were about I O -~ per infective phage in LT-7fer but much lower in LT-7mut, LT-7fnUt+ and LT-2mut+ (less than 4 . 8~ 1 0 -l~; Table 3 ). The phage grown on LT-7mUt (222) gave a similar but less pronounced tendency of transduction to the phage grown on LT-7fer.
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Frequencies of transfer of an F'-lac+ to various substrains of
Salmonella typhimurium The mixtures of the donor and recipient cultures in Penassay broth were incubated for 3 hr without aeration. The frequencies of transfer of the F'-lac+ to various substrains of Salmonella typhimurium from w 37471~01 I (F'-lac+) and various substrains of S. typhimurium carrying the F'-lac+ are shown in Table 4 . The frequencies of lacbacteria were scored on each donor culture for the transfer experiments, because the frequencies of spontaneous segregation of the F'-lac+ were rather high in Salmonella strains. As seen in Table 4 , the frequencies of transfer of the F'-lac+ to ~~-7 f e r were higher than those to the other substrains of S. typhimurium when the donor was a substrain of K-12. The same tendency was observed also with LT-7fer (F'-lac+) as a donor. In contrast, the frequencies of transfer of the F'-lac+ from ~~-7 m u t , ~~-7 m u t + and LT-2mut+ did not show marked differences among the various recipients ( Table 4 ). These data gave some fluctuations in several independent experiments. 
Recipient (F'-lac+) (F-lac+) (F-lac') (F'-lac+) (F-lac+)
LT-7 fer Eflcierzcies of plating (e.0.p.) of phage P-22 on various substrains of Salmonella typhimzkrium It was previously noted by Miyake (1962) that phage grown on LT-7 fer gave a high e.o.p. on ~~-7 f e r , a lower e.0.p. on LT-7??ZUt and an even lower e.0.p. on LT-7mUt+. The adsorption of this phage took place equally well to these strains. We have shown that a clear mutant of this phage gives an e.0.p. on LT-2mUtf as low as on LT-7mut+ (Table 5) . The e.0.p. of this mutant phage on LTqmut, LT-7mut+ and LT-2mUt+ were found to be increased by its growth on any of these bacterial strains. The e.0.p. on LT-7muf, LT-7mUt+ and ~~-2 m u t + of the phage grown on LT-7mUtf or LT-2mut+ were equal to those on LT-7fer, whereas the phage grown on LT-7mut gave slightly lower e.0.p. on LT-7mUt, ~~-7 m u t + and ~~-2 m u t + than on LT-7fer. We made single-plaque isolations from the plaques developed on LT-2mUt' plated 
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with phage P-22 which had previously grown on LT-7 fer. A broth suspension of each purified plaque was prepared and LT-2mUt+ was infected with it. All the lysates thus obtained gave equal e.0.p. on every substrain of Salmonella typhimurium. Conversely, the propagation on LT-7 fer of phage P-22 which had previously grown on LT-2m?Ut+ resulted in the reduction of e.0.p. on LTqmut, LT-7mUts and LT-2mUt+. Efficiency of plating of phage P-22 grown on:
Indicator LT-7 fer LT-7 mUt LT-7 mut -+ LT-2 mut -+ LT-7 fer 
1.4
Since LT-7 rnut cultures are heterogeneous, containing fertile and infertile cells as was pointed out above, the results of the e.0.p. of the phage propagated on LT-7WUt on the other indicators might be due to the heterogeneous population of the phage, some phage particles being propagated on the fertile cells and other phage particles on the infertile cells. The following single burst experiments were carried out to test this possibility.
Single burst experiments with a clear mutant of phage P-22 in
Salmonella typhimurium LT-7 mut A culture of LT-Trnzut containing 8.4 x 1 0 ' bacterialml. was infected with a clear mutant of phage P-22 propagated on LT-7mUt at a multiplicity of input of 4. The infected culture was diluted with Penassay broth so that I ml. contained 0.3 infected bacterium and distributed in 50 small test-tubes in a volume of I ml. in each tube. The content of each tube, after incubation for 2 hr, was divided into two equal portions and was separately plated for phage titrations with LT-7fer and LT-7 mut+, respectively, as indicators. All of the 13 samples which gave bursts yielded consistently higher titres on ~~-7 f e r than on LT-7mutf, the ratio between them being about 3: I . Similar results were obtained in several other independent experiments. These results suggest that the low cap. on LT-7mUtf of the phage grown on LT-7MUt is probably not due to its growth on the heterogeneous population of LT-7mUt.
Isotope studies on the fate of the injected phage nucleic acid It was found that .30-4070 of the deoxyribonucleic acid (DNA) of a clear-plaque mutant of phage P-22, which had previously been propagated on LT-7 fer, was degraded to acid soluble fractions in 10 min. in ~~-7 m u t f and LT-2mut+, whereas less than 10 yo of the 32P label of the phage DNA became acid-soluble in LT-7fer in 10 min.
In contrast, less than 10% of the DNA of the clear mutant of P-22, which had previously grown on LT-2mutf, was degraded to acid-soluble fractions in 10 min. in any of the strains LT-7 fer, LT-7 mut+ and ~~-2 m u t + .
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As reported in the present paper, the conjugal transfer of F' and R factors occurred most frequently to LT-7fer among various substrains of Salmonella typhimurium. We have also confirmed with an Hfr strain a previous finding of Miyake (1962) that LT-7fer has a high recipient ability in the crosses with different Hfr strains of Escherichia coli K-12. Thus LT-7fer acts as an unusually good recipient among the substrains of S. typhimurium in the conjugal transfer of bacterial chromosomes and episomal elements.
We have shown that phage P-22 grown on ~~-7 f e r gives a very much reduced e.0.p. on any other derivatives of Salmonella tyhphimurium, namely LT-7 mut, LT-7 mut+ and ~~-2 m u t + .
Phage P-22 grown on ~~-7 m u t + or ~~-2 m u t + , however, gave almost equal e.0.p. on any of the substrains of S. typhimurium. In contrast, the phage propagated on LT-7 mut gave slightly lower e.0.p. on LT-7 mut, LT-7 mut+ and LT-2 mut+ than on We have further shown that the DNA of a clear-plaque mutant of phage P-22, which had previously been propagated on ~~-7 f e r , is rapidly degraded after its injection into LT-7 mutf and LT-2 mutf, whereas appreciable breakdown did not occur in LT-7fer. On the contrary, the DNA of the clear mutant of P-22, which had previously grown on LT-ZHZUt+, was not degraded appreciably in any of the substrains of S. typhimurium. These results indicate that the observed phenomena are due to host-controlled restriction and modification as defined by Arber & Dussoix (1962) and Arber (1965) . They may be interpreted in the following two alternative ways : (I) that LT-7fer is a mutant which lacks the capacity of host-controlled restriction and modification; (2) that L T -~w z U~+ and LT-2ntutf lack the capacity of modification, whereas ~~-7 f e r and LT-7mUt are possessed of this capacity. In other words, it can be said that P-22 is modified by growth on LT-7fer or LT-jrmUt so that it will be restricted in LT-7mut+ and LT-2mUtf. Thus phage P-zz acquires new host specificity (Arber & Dussoix, 1962) by growth on LT-7fer and will be restricted in LT-7mut7 LT-7mut+ and ~~-2 m u t + .
The fact that P-22 grown on LT-7fer is still restricted on LT-7mut indicates that modifications of P-22 by ~~-7 f e r and ~~-7 m u t may be different. It should be pointed out that LT-7fer is regarded as restriction-less in either interpretation. The first interpretation seems more reasonable, since it is known that restriction and modification are usually impaired together (Arber & Morse, I 965 ; Boyer, 1964; Wood, 1966) .
The results of transduction with phage P-22 of host chromosomal markers reported previously by Miyake (1962) and of an R factor reported in the present paper with various substrains of Salmonella tyhpimurium as recipients are also compatible with these interpretations, since the frequencies of transduction with P-22 grown on LT-7fer or LT-7mut were considerably higher to LT-7fer than to the other strains.
In contrast, the phage grown on LT-7mutf or LT-2mUtf transduced the R factor to various substrains at almost equal frequencies. Spontaneous segregation of an R factor or its drug-resistance markers occurred equally frequently in various substrains of S. typhimuriunz, indicating that the R factor replicates equally well in the various substrains, once it has started replication.
It has been found in several systems of host-controlled restriction and modification that a wide variety of foreign DNA are restricted and modified in common, including phage genomes, non-viral episomes and bacterial chromosomes (Arber, I 964 ; Arber, Watanabe et al., 1966) . Our finding that LT-7fer acts as a good recipient for bacterial chromosomes and F' and R factors can be easily understood, if the restriction and modification are exerted in common upon these foreign DNA. In fact, as we will report in a following paper, we have been able to show that a number of mutants of LT-2 with high recipient abilities selected by the transfer of an R factor from Escherichia coli CSH-2 (222) behaved, after elimination of the R factor with acridine dyes, as good recipients of K-12 chromosomes. Furthermore, phage P-22 grown on any substrains of LT-2 and LT-7 gave highest e.0.p. on these mutants. These results seem to suggest that the aforementioned pleiotropic phenomena are caused by single genetic events.
If we adopt the first interpretation as to the modification of phage P-22, its modification is complete on L T -~~z U~+ and LT-2mUtf in view of the e.0.p. on the substrains of Salmonella typhimuriurn of the phage propagated on these strains. The modification of F' and R factors, however, did not give clear-cut results. As the results in Table 4 indicate, the frequencies of transfer of an F' from LT-~I?zU~+ (F'-lac+) to LTqmut, ~~-7 m u t + and LT-2mutf were considerably lower than those to LT-;lfer, whereas the frequencies of transfer of the F' from LT-zmut+ (F'-lac+) to those strains were almost equal. On the other hand, the frequencies of transfer of the R factor 222 from LT-2mut+ (222) to ~~-7 m u t , LT-7mut+ were much lower than that to ~~-7 f e r , whereas the frequencies of R transfer from ~~-7 m u t + (222) to various substrains of S. typhimuriurn were almost equal ( Table 2) . These results are not completely parallel with the results of the e.0.p. of phage P-22 on the substrains of S. typhimurium. This discrepancy may be at least partly due to the experimental conditions we used : we incubated the mixtures of the donor and recipient cultures overnight or for 3 hr, because the frequencies of transfer of R and F' factors were too low in some recipients to detect in the ordinary I hr incubation. The incubation for long durations may have caused some distortion of the frequencies of transfer of these episomes. Some other unknown factors might also be involved.
Eisenstark (1965) succeeded in isolating fertile mutants from LT-2mut+ through treatment with a mutagen, nitrosoguanidine; Miyake (1962) had presented some evidence that such mutations may occur in LT-2 mut+ spontaneously. These results are compatible with our results and hypothesis that fertility is given by the restrictionless mutation. The fact that fertile mutants are easily isolated in LT-7rnUt is considered to be merely because this strain is a mutable one due to the presence of the mutator gene.
The hybrids between Escherichia coli and Salmonella exhibit a high recipient ability when used as recipients in the crosses with E. coli donors Miyake, 1962) . This finding was interpreted as due to the selection of high-frequency recipients and this fits well our data and hypothesis. Johnson, Falkow & Baron (I 964), however, later demonstrated that the increased recipient ability of the hybrids of E. coli and S. typhi is due to the presence of integrated E. coli genetic material. They further showed that the recipient ability of these hybrids was increased only when their substituted E. coli genetic section matched the leading region of the Hfr chromosome. They also mentioned that the Salmonella population is probably homogeneous with respect to its initial ability to mate with E. ~o l i on the basis of the finding that the transfer of an F'-lac+ element occurred only
